: Implied timescales of the transition probability matrix. Eigenvalues of the transition probability matrix correspond to the dominant rates of transition in the 100-state model. Shown are the top 10 eigenvalues for the a) apo and b) holo MSMs, which converged at lag times of 20 and 15 ns, respectively. Supplementary Figure 2: Equilibrium populations of apo and holo C-CaM. The first eigenvector of the MSM transition probability matrix describes the equilibrium populations. Each conformation in the (a) apo and (b) holo MSM was weighted by its component of the first eigenvector and projected onto a distance metric. Supplementary Figure 4: Conformational landscape of C-CaM in different force fields. The distributions of conformations explored by apo C-CaM in simulations run in the Amber-99sb-ildn (black) and CHARMM36 (red) force fields are shown; for comparison, distributions for holo C-CaM run in the Amber-99sb-ildn force field (blue) are also shown. Total variation distances between the distributions are listed in Supplementary Tables 2 and 3. Supplementary Figure 5: Slowest dynamic process of apo and holo C-CaM. The second eigenvector of the MSM transition probability matrix describes the slowest dynamic process. Each conformation in the (a) apo and (b) holo MSM was weighted by its component of the second eigenvector and projected onto a distance metric. In both cases, two-state behavior is evident along different order parameters.
: Comparison of MSM ensembles to experimental NMR order parameters. NMR S 2 order parameters were estimated from the apo and holo MSM ensembles and compared to experimental values 5, 6 for (a, b) backbone amide or (c) side chain methyl groups, respectively. The Pearson correlation coefficient is also noted. Error bars correspond to 95% confidence intervals. Supplementary Figure 7 : Structural rearrangements associated with the dominant tICs. Cluster centers from the (a) apo and (b) holo MSMs were projected onto the first (left) and second (right) tICs, and these values were plotted against various structural metrics. Q is the fraction of native contacts, with 1CFD and 1CLL as the reference apo and holo structures, respectively. Figure 8 : Distinct contact maps characterize the slowest decorrelating degrees of freedom in apo and holo C-CaM. The contact maps of the first tIC show that different regions of C-CaM contribute most to the top tIC of (a) apo and (b) holo systems. The components of each tIC were normalized such that the maximum component had a value of 1. Red and blue denote inter-residue distances with positive and negative tIC values, respectively. Figure 9 : The tICs provide a superior separation of the dynamic landscape of C-CaM compared to RMSD. Energy landscapes of apo C-CaM as a function of projection onto the first tIC and RMSD to the (a) apo and (b) holo structures show superior separation along the tIC order parameter as compared to RMSD. These same energy landscapes for holo C-CaM show that RMSD to the (c) apo and (d) holo structures provides no separation for the dynamic processes in holo C-CaM. Conformations were weighted by their MSM probabilities, and free energy values are reported in kcal mol −1 . Apo and holo reference structures are 1CFD and 1CLL, respectively. Figure 10 : Energy landscape of C-CaM according to RMSD and fraction of native contacts. The energy landscape of apo C-CaM was generated by weighting each conformation by its MSM probability and binning by RMSD to the apo structure and Q dif f , which denotes the difference between the fractions of native contacts in the apo and holo states. Reference structures for the apo and holo structures were 1CFD and 1CLL, respectively, and free energy values are reported in kcal mol −1 .
Supplementary

Supplementary Figure 11 : Mutual information between residues in apo C-CaM. The most dynamically coupled regions of the protein involve the residues in the αF and the second Ca 2+ -binding site. The key hydrophobic residues involving in binding of substrate are present on αF. Interestingly, the first Ca 2+ -binding site is not strongly coupled with any other region of the protein. Colors indicate the log of the mutual information value.
Supplementary Figure 12 : Mutual information for key residues in apo C-CaM. Mutual Information values between all the residues and residues (A) Phe89 and (B) Tyr138. These hydrophobic residues are not only dynamically coupled with other residues comprising the hydrophobic binding interface but also to the second Ca 2+ -binding site. 0.842 ± 0.001 0.853 ± 0.013 Gly134 0.602 ± 0.006 0.797 ± 0.087 Ala102 0.851 ± 0.001 0.854 ± 0.009 Gln135 0.716 ± 0.003 0.795 ± 0.026 Ala103 0.827 ± 0.001 0.849 ± 0.006 Val136 0.854 ± 0.001 0.806 ± 0.03 Glu104 0.795 ± 0.002 0.817 ± 0.023 Asn137 0.874 ± 0.001 0.815 ± 0.009 Leu105 0.816 ± 0.003 0.865 ± 0.008 Tyr138 0.848 ± 0.001 0.841 ± 0.036 Arg106 0.874 ± 0.001 0.85 ± 0.007 Glu139 0.864 ± 0.001 0.866 ± 0.029 His107 0.809 ± 0.002 0.857 ± 0.01 Glu140 0.817 ± 0.001 0.841 ± 0.015 Val108 0.786 ± 0.002 0.859 ± 0.009 Phe141 0.814 ± 0.002 0.831 ± 0.032 Met109 0.808 ± 0.002 0.871 ± 0.011 Val142 0.834 ± 0.002 0.891 ± 0.024 Thr110 0.713 ± 0.004 0.842 ± 0.009 Gln143 0.801 ± 0.002 0.86 ± 0.01 Gly111 0.752 ± 0.002 0.817 ± 0.026 Met144 0.718 ± 0.002 0.824 ± 0.007 Leu112 0.646 ± 0.004 0.843 ± 0.02 Met145 0.705 ± 0.003 0.829 ± 0.011 Gly113 0.567 ± 0.005 0.643 ± 0.027 Thr146 0.533 ± 0.006 0.785 ± 0.007 Glu114 0.543 ± 0.004 0.607 ± 0.029 Ala147 0.392 ± 0.006 0.568 ± 0.021 Lys115 0.62 ± 0.005 0.499 ± 0.016 Lys148 0.165 ± 0.004 0.285 ± 0.01
Supplementary Supplementary Table 3 : Total variation distances between the equilibrium distributions of apo or holo C-CaM run in the specified force field.
Supplementary Methods
Simulation details using the CHARMM force field Two conformations from each state of the apo MSM were taken as seeds for additional simulations run using the CHARMM36 force field 1 .
Structures were solvated with TIP3P 2 water molecules such that water extended at least 10Å away from the surface of the protein, and 24 Na + ions and 12 Cl − ions were added to the system to neutralize the charge. Energy minimization for 1000 cycles and heating to 300 K were performed in Amber 14; production MD trajectories were run for a total of 32 µs.
Mutual Information The excess mutual information was computed for all protein torsion angles (backbone dihedrals φ, ψ and side chain χ angles (only the first χ angle for proline)) using the entire simulation data for apo C-CaM to capture the correlated motions of residues in an unbiased, statistically robust manner. The following formula was used for the calculation of mutual information between residue pairs 3 :
The average of the mutual information computed from 3 iterations of scrambled data was subtracted from the mutual information values computed from the simulation data to filter out correlations that are not statistically significant.
NMR order parameters The NMR order parameter, S 2 , describes the bond vector autocorrelation function:
where P 2 is the second-order Legendre polynomial, µ(t 0 ) is the unit vector along a specific bond at time t 0 , and ... indicates the ensemble average 4 . For comparison to relaxation-based order parameters, equation 2 is evaluated at the experimentally-determined molecular tumbling time (5.0 and 8.2 ns for apo and holo CaM, respectively 5, 6 ). S 2 values were evaluated from all simulation data retained in each MSM; because autocorrelation reduces the effective number of independent samples, the effective number of data points was estimated from:
where n is the number of data points in the autocorrelation calculation and τ int is the estimated integrated autocorrelation time of the time series 7 . Error bars represent the 95% confidence intervals. Order parameters calculated for the apo and holo systems were compared to experimental data for backbone amide collected in the absence of Ca 2+ and side chain methyl groups 5 collected for Ca 2+ -saturated CaM 6 , respectively.
Native contacts The following expression was used for the calculation of the fraction of native contacts, Q(X), for a conformation X:
where r ij (X) is the distance between residues i and j in conformation X, r 0 ij is the distance between residues i and j in the reference conformation (the apo or holo state of C-CaM). The set S represents all pairs of heavy atoms (i, j) belonging to residues θ i and θ j such that | θ i − θ j |> 3 and r 0 ij < 4.5Å. The values of parameters β and λ are taken from the literature to be 5Å −1 and 1.8 respectively 8 .
